ABSTRACT.
1 Although the functionality of the lens water channels, AQP1 (epithelium) and AQP0 (fiber 2 cells), are well established less is known about the role of AQP5 in the lens. Since in other 3 tissues AQP5 functions as a regulated water channel with a water permeability (PH2O) some 4 20x higher than AQP0, AQP5 could function to modulate PH2O in lens fiber cells. To test this 5 possibility a fluorescence dye dilution assay was used to calculate the relative PH2O of 6 epithelial cells and fiber membrane vesicles isolated from either the mouse or rat lens, in the 7 absence and presence of HgCl2 -an inhibitor of AQP1 and AQP5. Immunolabeling of lens 8 sections and fiber membrane vesicles from mouse and rat lenses revealed differences in the 9 subcellular distributions of AQP5 in the outer cortex between species -with AQP5 being 10 predominantly membranous in the mouse, but predominantly cytoplasmic in the rat. In 11 contrast, AQP0 labelling was always membranous in both species. This species-specific 12 heterogeneity in AQP5 membrane localisation was mirrored in measurements of PH2O, with AQP isoforms accounts for the functional differences in water permeability observed at the 7 cellular level in different tissues (1, 9, 25) . In the ocular lens, AQPs are considered essential 8 to the lens internal microcirculation system that generates circulating ionic and fluid fluxes 9 which, in the absence of a blood supply, deliver nutrients to and remove waste products from 10 the lens centre faster than would occur by passive diffusion alone (39, 40).
11
The microcirculation system and specialized architecture of the lens maintain its transparency we show species-specific differences in AQP5 membrane labeling levels, and hence 4 differences in the potential contribution of AQP5 to overall water permeability. To 5 distinguish the relative contributions of AQP5 and AQP0 to overall water permeability,
6
vesicles from both species were incubated in the absence or presence of mercury (HgCl2), 7 which blocks AQP5, but not AQP0 water channels. Our results suggest not only that AQP5 8 contributes to the water permeability of cortical fiber cells, but also that the water 9 permeability in this region can be dynamically upregulated by the insertion of AQP5 from a 10 cytoplasmic pool into the membranes of differentiating fiber cells. were first incubated in blocking solution (3% bovine serum albumin, 3% normal goat serum HardSet™ anti-fade mounting medium (Vector Laboratories, Burlingame, CA).
MATERIALS AND METHODS

21
Immunofluorescent images were acquired using a laser scanning confocal microscope
22
(Olympus FV1000, Tokyo, Japan) equipped with FluoView 2.0b software. For presentation,
23
labeling patterns were pseudo-colored and combined using Adobe Photoshop CS6 (Adobe
24
Systems Inc., San Jose, CA). 
15 16 To calculate the water permeability the membrane surface area (Sm) was measured using DIC 
where the radius (r, µm) was obtained using the cross sectional area (A) calculated by tracing 1 the pixels within the defined region of interest using Image J software, (Equation 4). Mean data of experiments are given ± standard error of the mean (SEM). Statistical 10 significance was tested with the Mann-Whitney U test, using GraphPad Prism (La Jolla,
11
California, USA). * indicates statistically significant differences at the α=0.05 level.. In previous studies, we have used immunohistochemistry to map the distribution of AQP0 in 4 the rat lens (19), and AQP0 and AQP5 in the mouse lens (20, 44) . In these previous studies 5
we, noted subtle species differences in the distribution of AQP5 in the outer cortex. In the 6 present study, we applied our immunohistochemistry mapping approach to axial sections to 7 examine more closely how these differences in distribution of AQP5 in the adult mouse and being retained in the rest of the outer cortex of the mouse lens ( Figure 3E ). In contrast, in the 7 rat lens, AQP5 labeling remained predominately cytoplasmic in differentiating fiber cells 8 throughout the outer cortex ( Figure 3J&I ). AQP0, on the other hand, at these location, was 9 always membranous in both the mouse ( Figure 3B&D ) and rat lenses ( Figure 3F&H ). Based 10 on these observed regional differences in the membrane distribution of AQP5 and AQP0 in 11 the mouse and rat lenses we might expect that the relative contributes of the two water 12 channels to the water permeability of peripheral fiber cells of the outer cortex would be 13 different between the two species.
14 To test this hypothesis, the water permeability of mouse and rat fiber cells needed to be 4Bi) although occasionally vesicles with cytoplasmic localization were also identified ( Figure   6 4Bii), while AQP0 labeling was always associated with the membrane (Figure 4Biii&iv ). In and furthermore that species differences may be apparent in the relative contribution of 15 AQP5 conductance to overall water permeability.
16
Measuring the water permeability of mouse and rat fiber cell membrane vesicles.
17
Two approaches were used to distinguish between the relative contribution of AQP5 and (5.4 ± 0.3 x 10 -3 AU, n = 9) after inhibition of APQ1/5 with 300 µM HgCl2 ( Figure 5 ).
4
Relative to epithelial cells, fiber cell membrane vesicles from the mouse had an average PH2O 5 (7.5 ± 0.8 x 10 -3 AU, n = 38), some 32% less than the PH2O of epithelial cells. It was found 6 that PH2O of mouse fiber cell vesicles displayed significant variability. While one third of 7 mouse fibre-derived membrane vesicles gave PH2O values that were similar in magnitude to 8 those measured in mouse lens epithelia, a second population showed a lower water 9 permeability that was some 73% lower than the PH2O of epithelial cells, a result that was 10 similar to what had previously been reported in the literature (50, 51). Pre-incubated mouse 11 fiber-derived membrane vesicles exposed to Hg 2+ significantly reduced the observed average 12 PH2O (4.6 ± 0.6 x 10 -3 AU, n = 19, P < 0.02) and eliminated the sub-group of vesicles with
13
higher PH2O values seen in the absence of mercury ( Figure 5 ).
14
The same functional dissection of mercury-sensitive water permeability was performed on rat 15 lenses ( Figure 6 ). As seen in the mouse, rat epithelial cells had a high PH2O (14.4 ± 0.9 x 10 -3
16
AU, n = 30) that was inhibited (6.8 ± 0.9 x 10 -3 AU, n = 19) in presence of mercury ( Figure   17 6). The average PH2O of rat fiber-derived membrane vesicles (4.8 ± 0.6 x 10 -3 AU, n = 30),
18
was ~3-fold lower than the water permeability measured in rat lens epithelial cells. However, vesicles. This suggests that in the outer cortex of the rat lens that AQP0 mediates water 8 permeability.
9
Membrane insertion of AQP5 increases the mercury-sensitive water permeability of rat 10 fiber-derived membrane vesicles
11
In other tissues, AQP5 has been shown to be a regulated water channel which, in response to 12 osmotic challenge, increases water permeability through translocation to the plasma 13 membrane (26, 27, 58). We therefore investigated whether the process of organ culturing increase in Hg 2+ -sensitive PH2O would be expected to be observed following organ culture.
18
Fiber-derived membrane vesicles were therefore prepared from the outer cortex of organ-19 cultured rat lenses, and their water permeability tested using the fluorescence-based 20 functional assay for water permeability (Figure 8 ). We found that in comparison to native rat 21 vesicles (PH2O = 4.8 ± 0.6 x 10 -3 AU, n = 30), vesicles derived from organ-cultured rat lenses 22 had a significantly higher average PH2O (7.2 ± 0.6 x 10 -3 AU, n=31, P < 0.01). The observed 23 increase in average PH2O appeared to be due to AQP5 insertion, since the addition of Hg 2+ to 24 vesicles prepared from organ cultured lenses produced a significant reduction in PH2O (4.2 ± 0.6 x 10 -3 AU, n = 18, P < 0.015) to values that were found to be not significantly different to 1 the average PH2O measured in acutely-isolated lenses, where AQP5 was predominantly 2 located in the cytoplasm of peripheral fiber cells. These results suggest that in the rat lens 3 AQP5 can be dynamically recruited to the membranes of differentiating fiber cells to increase 4 water permeability in the outer cortex of the lens. contributes to the water permeability of fiber cell membranes. Furthermore, we have shown 10 that this contribution of AQP5 to overall water permeability can be increased by the 11 trafficking of AQP5 from a cytoplasmic pool to the fiber cell membrane. In both rat and 12 mouse lenses, AQP5 could be found in distinct cytoplasmic or membranous pools in the outer 13 cortex, but the extent of cytoplasmic AQP5 labeling was more extensive in the rat than the 14 mouse lens (Figures 2 &3) . In contrast, AQP0, was always found to be associated with the 15 membranes of cortical fiber cells in both species ( Figure 3&4 ). These species-specific 16 differences in the subcellular distribution of AQP5 appeared to be maintained in the fiber cell In the rat lens, immunolabeling in lens sections (Figure 2 and 3 ) and fiber cell membrane 24 vesicles (Figure 4) showed that AQP5 was predominantly localized in the cytoplasm.
Functional measurement of PH2O were consistent with this cytoplasmic location of AQP5, 1 since PH2O measurements in rat fiber cell membrane vesicles were dominated by a lower 2 Hg 2+ -insensitive basal PH2O, which can be assigned to AQP0 (Figure 6 ). Interestingly, the 3 magnitude of Hg 2+ -sensitive water permeability measured in rat fiber-derived membrane 4 vesicles was altered by organ culturing rat lenses in isotonic AAH overnight, and this could 5 be correlated with insertion of AQP5 into cortical fiber cell membranes (Figure 7 ). AQP5 6 insertion increased the mean PH2O values, which were subsequently shown to be sensitive to contribution of AQP0 to PH2O. Furthermore, we show that AQP5 exists in the rat lens as a 11 cytoplasmic pool of water channels, which can be dynamically recruited to increase the PH2O 12 of fiber cell membranes in the outer cortex of the lens.
13
These conclusions raise two questions that deserve further discussion. Firstly, the observation (29) the rat lenses (I) AQP5 labeling continued to be strongly cytoplasmic. n, nuclei; blue, DAPI. vesicles isolated from the mouse lens AQP5 (green) was predominantly associated with the 5 membranes (Bi), but could occasionally be also found in the cytoplasm (Bii). In double 6 labeled vesicles, AQP0 (red) was always membranous and could be found co-expressed with 7 either higher (Biii) or lower levels of AQP5 labeling (Biv). (C) In the rat, AQP5 was 8 predominately cytoplasmic (Ci), although some vesicles exhibited membrane labeling for 9 AQP5 (Cii). In double labeled rat vesicles, AQP0 was always membranous while AQP5 10 labeling was usually cytoplasmic (Ciii), although vesicles that co-expressed both AQP0 and 11 AQP5 in the membrane were occasionally detected (Civ). Scale bar in A, B and C is 5µm. 
